Our study is keyed to the analysis of the interplay between engineering factors (i.e., transient pumping rates versus less realistic but commonly analyzed uniform extraction rates) and the heterogeneous structure of the aquifer (as expressed by the probability distribution characterizing transmissivity) on contaminant transport. We explore the joint influence of diverse (a) groundwater pumping schedules (constant and variable in time) and (b) representations of the stochastic heterogeneous transmissivity ( ) field on temporal histories of solute concentrations observed at an extraction well. The stochastic nature of is rendered by modeling its natural logarithm, = ln , through a typical Gaussian representation and the recently introduced Generalized sub-Gaussian (GSG) model. The latter has the unique property to embed scaledependent non-Gaussian features of the main statistics of and its (spatial) increments, which have been documented in a variety of studies. We rely on numerical Monte Carlo simulations and compute the temporal evolution at the well of low order moments of the solute concentration ( ), as well as statistics of the peak concentration ( ), identified as the environmental performance metric of interest in this study. We show that the pumping schedule strongly affects the pattern of the temporal evolution of the first two statistical moments of , regardless the nature (Gaussian or non-Gaussian) of the underlying field, whereas the latter quantitatively influences their magnitude. Our results show that uncertainty associated with and estimates is larger when operating under a transient extraction scheme than under the action of a uniform withdrawal schedule. The probability density function (PDF) of displays a long positive tail in the presence of time-varying pumping schedule. All these aspects are magnified in the presence of non-Gaussian fields. Additionally, the PDF of displays a bimodal shape for all types of pumping schemes analyzed, independent of the type of heterogeneity considered.
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Introduction

24
Probabilistic characterizations of subsurface contaminant transport within well fields under 25 practical operational conditions are cornerstones of modern groundwater management and risk 26 analysis best practices. Modeling set-up and results rely on an appropriate assessment of multiple 27 factors, including the spatial variability of hydrogeological variables and the adopted engineering 28 controls (e.g., groundwater pumping and/or injection operations). In this study, we aim at 
92
A critical element which is emerging from a variety of studies is that the assumption of
93
Gaussianity for is not consistent with features displayed by the sample probability distribution indicating time, at location = ( , ). Figure 1 illustrates a sketch of the setting analyzed.
136
Flow within the hydrogeological system is governed by: boundary effects (Rubin and Dagan, 1989) .
151
In the following, we investigate the way concentration breakthrough curves (BTCs) are
152
affected by constant and transient pumping conditions. This analysis is carried out for Gaussian
Methodology
155
Domain configuration and numerical implementation
156
We solve (1) and (2) within a 2D system of size of = × , where = 170 , 
Random Y Model
185
As mentioned in Section 1, a variety of works emphasize the importance of adopting non-
186
Gaussian fields in solute transport studies. In our analysis, we employ the GSG model introduced 
192
We write zero-mean random fluctuations,
where denotes ensemble mean (expectation), ( ) is a single-or multi-scale Gaussian 
where discharge. The longitudinal Péclet number, = 0 ⁄ , is set to 800 (see Table 1 
Statistical analysis of the peak concentration
298
Here we analyze key statistical features of the peak value of the solute concentration, , 
Outliers in the peak concentration distribution
304
We present the box plots of in Figure 5 for pumping operational setting and for the 
Average of the maximum concentration
356
We quantify here the impact of the pumping operation schedule and of the field structure 357 on the average value of the peak concentration 〈 〉. We do so by computing the relative change 
362
Figure 9 depicts versus for scenario (light grey) and (dark grey). These results
363
suggest that 〈 〉 is more sensitive to the value of when the spatially heterogeneous flow field is 364 stressed according to scheme than it does for . As shown in Figure 9 , the magnitude of is 
388
The highest values of solute peak concentration, , are prone to be observed at a well 
410
The outcomes of our work associated with the feedback between engineering factors (i.e., 
